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Abstract: Double strand breaks in cells may arise due to a number of reasons 
including mutagens and normal cellular processes such as V(D)J recombination. 
Unrepaired strand damage can result in broken chromosomes and cell death. 
Improper repair can lead to cancer. A specific component of nonhomologous 
recombination to repair DSBs was studied in two different cell lines, Chinese 
hamster ovary K1 cells and xrs cells. Xrs cells, deficient in Ku protein were 
impaired in their ability to repair DSBs induced by ionizing radiation. These results 
and other findings support the critical function of Ku in DSB repair and indicate a 
multiple roles of Ku in DNA metabolism.
Introduction
Once it was established that DNA is the active chemical component responsible 
for carrying genetic material, it was assumed that this macromolecule had extraordinary 
structural stability. To the contrary, DNA is susceptible to many alterations and damage. 
The mutations in DNA structure may range from harmless changes in nucleotide 
sequence to more lethal alterations. Strand damage to the phosphodiester backbone can 
also occur. These changes can be the result of natural error-prone processes such as 
replication and recombination, or a consequence of exposure to mutagenic agents.
Despite a high frequency of error in replication, intrinsic cellular mechanisms identify 
and rectify the damage. Defective repair pathways result in the retention of mutations 
and are the origin of genetic disorders.
The two major classes of DNA damage are spontaneous damage and 
environmental damage. For the most part, the changes that occur in each class are 
indistinguishable from each other. But Spontaneous damage is brought about due to 
normal cellular processes whereas environmental damage is caused by external factors 
such as radiation.1 Ionizing radiation in particular induces double-strand breaks in the 
phosphodiester backbone of the DNA. A specific component of the repair pathway 
following such strand damage will be discussed shortly. However, a brief analysis of
various repair mechanisms will further elucidate the cellular response to damage 
induction.
In Base excision repair, DNA glycosylases recognize altered bases and catalyze 
their hydrolytic removal. Base alterations may include deamination, alkylations, 
oxidations, ring openings or incorrect bonding. Base excision repair ultimately produces 
a deoxyribose sugar with a missing base. The exposed sugar is recognized by Ap
endonuclease which cuts the sugar-phosphate backbone at the 5’ side of the altered site.
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Then a correct, undamaged sequence is restored by DNA polymerase and DNA ligase.
Nucleotide excision repair pathway functions in rectifying any type of DNA 
damage that creates a large change (“bulky lesions”) in the DNA double helix. The 
changes may include covalent reactions of DNA bases with hydrocarbons or dimerization 
reactions, such as the formation of thymine dimers, caused by sunlight. In this form of 
repair, a large multienzyme complex scans the DNA for a distortion rather than a single 
base change. The phosphodiester backbone of the abnormal strand is cleaved on both 
sides of the distortion and a DNA helicase removes the damaged portion. DNA 
polymerase and DNA ligase recognize the gap and a correct nucleotide sequence is 
inserted.
Direct reversal of DNA damage is another pathway involved in the repair of 
bulky adducts. The mechanisms involved in the Direct reversal pathways differ from 
excision pathways in that integrity of the strand is always maintained. Photoreactivation 
is a common example of direct reversal. In this process, a photolyase binds to the bulky 
adduct. The enzyme is activated by a specific wavelength of light and ultimately results 
in the release of the photolyase and restoration of a properly structured DNA strand.
Some other forms of direct reversal are the repair of O-alkylated guanines/thymines and 
the ligation of single-strand breaks by direct rejoining.
The repair of alkylated bases is carried out by methyltransferase enzymes that 
transfer methyl groups from the alkylated bases to a cysteine residue in the protein. This 
form of repair is especially crucial because an alkylated guanine can form a stable base 
pair with thymine and an alkylated thymine can stably mispair with a gunanine. In other 
words, an alkylated guanine is read as an adenine and alkylated thymine is read as 
cytosine.2
Single-strand break rejoining shares some similarities with double-strand break 
rejoining. Mutagens such as X rays induce the hydrolysis of phosphodiester bonds 
resulting in base damage and a “cut” in the backbone of the double helix. DNA ligase, 
which requires the co-factors NAD or ATP, recognizes such an alteration and restores 
the phosphodiester linkage.
Recombination, which includes homologous recombination and V(D)J rejoining 
are also modes of DNA repair. But this mechanism is specific to double-strand break 
repair. It plays a major role in immune cells and meiotic cells and is responsible not only 
for damage repair, but also in the synthesis of diverse gene sequences.
Crossovers that occur during anaphase of meiosis I is one of the factors 
responsible for the synthesis of non-identical daughter cells. The process of crossover 
involves double-strand breaks introduced at sites specific for recombination. After 
double-strand breaks are introduced, the ends are processed and 3'-OH single-stranded 
DNA tails are formed. This ssDNA invades a homologous duplex DNA and the second 
end of the double-strand break anneals with another ssDNA producing a Holliday
structure. This structure is then resolved to produce progeny with an intact gene 
sequence that possibly differs from the parental chromosome. When strand damage 
occurs, this mechanism can be used to synthesize an undamaged template strand that 
closely resembles the original sequence.
Extraordinary DNA rearrangements are involved in immune cells for the 
formation of T-cell receptors, immunoglobulins and antigen-binding proteins. This 
recombinational diversity is accomplished by site-specific fusing of V,J, and D segments 
of the DNA sequence. A double-strand break is introduced by a recombinase at two 
sites, forming a coding joint and a signal joint. Following this event, the intervening 
sequence can circularize and be deleted, or the segments can anneal in different 
combinations resulting in sequence diversity.
The double-strand break repair pathway has many features and signaling 
mechanisms associated with it. An important component of recombination is the binding 
of a protein called Ku, to DNA ends. Studies have found Ku binding to DNA ends of 
double-strand breaks as an essential component to repair .4 Hence a defect in Ku 
expression is associated with an impaired ability to repair double-strand breaks. Double­
strand break repair has been characterized well in the Chinese hamster ovary cells. Two 
different cell lines, K1 and xrs have been studied extensively.
Radiation induces DNA double-strand breaks by causing cuts in the 
phoshpodiester backbone of DNA. The neutral filter elution makes use of this by 
studying the return of DNA to its normal size.5 Application of this technique confirmed 
that Xrs cells are deficient in double-strand break repair.6 It has been suggested that the 
flaw in double-strand break repair in xrs cells is due to a defect in the 80 Kda subunit of
/ ^ \  the Ku protein. Previous research (Liang et al. 1996) indicates a severe impairment in
V(D)J rejoining although homologous recombination was not severely affected in Ku 
deficient cells. However, the results of ongoing studies indicate that Ku has a multi­
functional role.
Immunofluorescence studies were conducted to examine whether Ku expression 
is affected by damage induction. Results indicated that in xrs and K1 cells, Ku 
expression increases slightly after exposure to radiation. This suggests that the deficiency 
of the xrs cells to repair double strand breaks may in fact be due to a relatively low 
amount of RNA transcripts. To confirm this hypotheses, RT-PCR assays were used to 
measure the total amount of Ku RNA present in K1 and xrs cells at various stages of the 
damage-repair process.
Procedures
Repair analysis following damage induction by y-radiation in K1 and xrs cells using the 
neutral-elution assay.
The fibroblasts in the T-flask were collected by trypsonization into 100 mm petri 
plates. The medium in the T-flask was decanted and the flask was washed with 2 ml of 
trypsin to get rid of residual medium. 1 ml of trypisn and 3 drops of EDTA/Versene 
solution were added to the T-flask which was then incubated at 37 degrees Celsius for 2 
minutes. 1 ml of this cell culture was added to four 100 mm petri plates. After 
centrifuging the remaining culture in the T-flask, the pellet was suspended in 4 ml 
McCoy’s medium. 1 ml of this culture medium was added onto each of the four plates. 
The cells were then radiolabelled using 0.025 microcuries of C-14 Thymidine and 
incubated for two days. After disposing the McCoy’s medium, 2 ml of trypsin and 4 ml 
of freezing medium (F-10,15% DMSO) were added to the tube. 0.1 ml of this culture 
was used for counting and the number of cells in the irradiated tube was estimated to be 
2,750,000 cells/ml. The tube containing the cell culture was exposed to Gamma radiation 
(Cs-137) for 36 minutes and 36 seconds for a total dose of 100 gray. After the cells were 
irradiated, 4.5 ml F-10 and 1.5 ml DMSo were added to the tube. Ten vials containing 
lml aliquots of these cells were stored at (-) 90 degrees Celsius.
The cells were allowed to recover at 37 degrees Celsius and repair time was varied 
using intervals of 0 minutes, 5 minutes, 15 minutes, 30 minutes and 60 minutes. After 
the designated repair time, 5 ml of PBS was added to the tube of cells which was then 
stored on ice to stop cellular metabolic-activity.
The Neutral Elution technique was used to assay double strand breaks. 0.02 M 
EDTA was used to wet a polycarbonate (PC) filter (1 micrometer pore size). The filter 
was placed on top of a swinnex filter holder and the O-ring and smoke stack apparatus 
was assembled. 5 mis of ice cold PBS was added and suction was used to remove air 
bubbles while ensuring that the filter wasn’t allowed to run dry. 500,000 cells were 
added per column in 5 mis of PBS. Gravity filtration was used to allow the PBS to run 
through and the cells were washed with an additional 5 ml of PBS. After the last 
remaining portion of the PBS dripped through, the peristaltic pump was connected and 3 
ml of lysis solution was added to each tube. The smoke stack was covered with opaque 
tubing to ensure that the cells weren’t exposed to fluorescent light which can induce DNA 
thymine dimers.
The pump was allowed to run for 45-60 minutes at a pumping rate of 0.04-0.05 
ml/min. After 60 minutes, 27 ml of neutral elution solution was added to each smoke 
stack and the elution was allowed to run overnight at a pump setting of 90 
minutes/sample for ten samples. After the last collection, the PC filter from each of the 
smoke stacks was removed and placed in an appropriate scintillation vial. The residual 
radioactivity left in the lines was removed with 10 ml of 0.5M NaOH, collecting the 
solution in a tube. 1 ml of cold 50% trichloroacetic acid was added to each of the NaOH 
samples collected and the tubes were placed on ice for 30 minutes. The radioactivity on 
glass fiber filters was also collected to count in the scintillation fluid. 1 ml of the rest of 
the eluting solution from each column was suspended in 7.5 ml of Aquasol-2 scintillation 
fluid. 66 microliters of glacial acetic acid was added to each vial to reduce
chemiillumiscence.
The results of the scintillation count were then graphed on semi-log paper. The 
data from the scintillation count reflected the amount of radioactivity present in each 
fraction. This in turn, reveals information pertaining to the DNA repair processes, i.e., 
the time required for the DNA to return to its normal size which in turn is indicative of 
Ku activity.
Immunofluorescence to measure Ku expression in K1 and xrs cells after damage induction. 
Indirect Immunofluorescence was used to analyze the cellular response to damage 
induction by ionizing radiation. K1 and xrs cells were grown on a cover slip. Twelve 
different conditions were tested and the slides used are described below:
Cell Line Radiation Dose Antibody Expression Time
K1 Ogy. p70 -
K1 ogy. p80 -
xrs Ogy. p70 -
xrs Ogy. p80 -
K1 100 gy. p70 0 hrs.
K1 100 gy. p80 0 hrs.
xrs 100 gy. p70 0 hrs.
xrs 100 gy. p80 0 hrs.
K1 100 gy. p70 2 hrs.
K1 100 gy. p80 2 hrs.
xrs 100 gy. p70 2 hrs.
xrs 100 gy. p80 2 hrs.
The slides were then placed in petri dishes containing McCoy’s solution. The 
cells were exposed to y radiation for a period of 36 minutes. The cover slips were then 
rinsed with PBS and the batch of cells that were allowed two hours of repair time were 
fixed immediately with a cold acetonermethanol (1:1) solution for 10 minutes. The cells 
were stored appropriately to allow repair processes to take effect. After two hours, the 
cover slips were air-dried. The cells were stained at room temperature for an hour using a 
1:500 dilution of Ku p70 and p80 antibodies (antibody:PBS). Next, a 1:32 dilution of
IgG-FITC:PBS was used to stain the cover slips for a period of one hour. After washing 
the slips with PBS, they were mounted on glass slides using 15pl glycerohPBS (9:1). 
Then micrograph pictures were used and the exposure times were recorded.
RT-PCR assay to measure total amount o f RNA at various stages o f the repair process in K1 
and xrs cells exposed to y radiation.
RNA isolation (Guanidinium Thiocyanate-Phenol-Chloroform Extraction for 3 x 10A7 
cells)
1) Prepare a stock solution of guanidinium Thiocyanate by dissolving 250g of 
guanidinium thiocyanate (in manufacturer’s bottle) with 293ml of H20, 17.6ml of 0.75M 
Sodium Citrate (pH 7) and 26.4ml of 10% sarcosyl at 65 degrees Celsius.
2) To prpare the denaturing solution (Solution D), add 0.36ml of 2-mercaptoethanol per 
50ml of stock solution.
3) After each addition that follows, thoroughly mix the solution.
4) Add 1ml of Solution D to the cells in a glass-teflon homogenizer and transfer to a 4ml 
polypropylene tube.
5) Add 0.1ml of 2M Sodium Acetate (pH 4)
6) Add 1ml of water-saturated phenol.
7) Add 0.2ml of chloroform-isoamyl alcohol mixture (49:1).
8) Shake final suspension vigorously for 10-15 seconds and cool on ice for 15 minutes.
9) Centrifuge the sample at 10,000G for 20 minutes at 4 degrees Celsius.
10) Transfer the aqueous phase (contains the RNA) to a fresh tube and mix with 1ml 
isopropanol.
f^\ 11) Place the tube at -20 degrees Celsius for at least 1 hour to precipitate RNA.
12) Centrifuge again at 10,000G for 20 minutes.
13) Dissolve the resulting RNA pellet in 0.3ml of Solution D.
14) Transfer into a 1.5ml Eppendorf tube.
15) Precipitate with 1 volume of isopropanol at -20 degrees Celsius for 1 hour.
16) Centrifuge for 10 minutes at 4 degrees Celsius.
17) Suspend the RNA pellet in 75% Ethanol.
18) Sediment the RNA pellet.
19) Vacuum dry for 15 minutes.
20) Dissolve in 50pl of 0.5% SDS at 65 degrees Celsius for 10 minutes.
21) RNA preparation can now e used for Poly (A)+ selection by Oligo (dT) 
chromatogrophy or Northern blot.
22) RNA can be stored in water or in 0.5% SDS treated with DEP.
First Strand cDNA synthesis using Reverse Transcriptase
1) Add lpg RNA to RT solution (10 mM Tris-HCL (pH 8.3), 50 mM KCL, 5 mM 
MgC12, ImM of each radiolabelled dNTPs, 2.5pM of Oligo (dT)15 primer, 20U Rnasin, 
50U murine leukemia virus reverse transcriptase).
2) Incubate Reaction mixture for 30 minutes at 42 degrees Celsius.
3) Heat to 95 degrees Celsius for 5 minutes.
4) Chill mixture on ice.
5) The RNA-cDNA hybrids can be obtained by centrifuging the solution.
Polymerase Chain Reaction for amplification of RT products
1) Prepare the 10X PCR buffer solution (500mM Kcl, lOOmM Tris-HCl (pH 8.3),
1.5mM MgC12, 0.1% gelatin).
2) Add 2pl of 10X PCR buffer solution to a solution containing 1.5pl of 2.5mM dNTPs, 
2 to 5 picomol of Oligonucleotide primers AP34/AP24 and AP36/AP35 and 0.25U of 
Taq polymerase.
3) Add water such that the resulting volume is 20pl.
4) Set PCR cycles consisting of denaturation for 30 seconds at 94 degrees Celsius, primer 
annealing at 55 degrees Celsius for 30 seconds and extension at 72 degrees Celsius for 2 
minutes.
Agarose Gel Electrophoresis to visualize RT-PCR products.
1) Prepare sufficient electrophoresis buffer using Tris-acetate (TAE). The reagents are as 
follows:
Concentrated Stock Solution (per liter)
For 50X: Mix 242g Tris base with 57.1ml glacial acetic acid and 100ml of 0.5M EDTA 
(pH 8.0).
For Working Solution (IX of Stock): Mix 0.04M Tris-acetate with 0.001 M EDTA.
2) Seal the edges of a clean, dry, glass plate (or the open ends of the plastic tray supplied 
with the electrophoresis apparatus) with autoclave tape so as to form a mold. Set the 
mold on a horizontal section of the bench.
3) Add ?g of powdered agarose to a measured quantity of electrophoresis buffer in the 
Erlenmeyer flask or a glass bottle with a loose-fitting cap. The buffer should not occupy
more than 50% of the volume of the flask or bottle.
4) Heat the flask such that all of the grains of the agarose dissolve. If the volume of the 
solution has decreased due to evaporationTadd water to obtain desired volume.
5) Cool the solution to 60 degrees Celsius and add ethidium bromide to a final 
concentration of 0.5pg/ml and mix thoroughly:
6) Using a pasteur pipette, seal the edges of the mold with a small quantity of the agarose 
solution. Allow the seal to set. Position the comb 0.5-1.0 mm above the plate so that a 
complete well is formed when the agarose is added.
7) Pour the remainder of the warm agarose solution into the mold such that the gel is 
betwen 3 mm and'5 mm thick. Check to see that there are no air bubbles under or 
between the teeth of the comb.
8) Allow the gel to set for 30-45 minutes at room temperature and carefully remove the 
comb and autoclave tape and mount the gel in the electrophoresis tank.
9) Add just enough electrophoresis buffer to cover the gel to a depth of about 1 mm.
10) Mix 5pl from each PCR sample with Ifil of the gel loading buffer whose reagents 
are as follows:
For a 6X buffer:
0.25% bromphenol blue, 0.25% xylene cyanol FF and 30% glycerol in water. Store the 
buffer at 4 degrees Celsius.
Note: If there is more than 500 ng of DNA in a slot, the slot will be overloaded resulting 
in trailing and smearing. Furthermore, a typical slot can hold about 37.5|il.
11) Load the mixture into the slots using a disposable micropipette.
12) Close the lid of the gel tank and-attach the electrical leads so that the DNA will
migrate towards the anode (red lead). Apply a voltage of 1-5 V/cm (measured as the 
distance between the electrodes). Within a few minutes, the bromophenol blue should 
migrate from the wells into the body of the gel. Run the gel until the bromophenol blue 
and xylene cyanol FF have migrated the appropriate distance through the gel.
13) Turn off the electric current and remove the leads and lid from the gel tank. If 
ethidium bromide is already present, view the gel under uv light. Otherwise, stain the gel 
with ethidium bromide and photograph.
Results * Data and graphs attached 
Repair analysis using neutral-elution assay.













Mean Values (0 grey, 0 minutes)
Trial 1:54.8 
Trial 2: 74.7 
Average: 64.8
The graphs comparing the kl cells and xrs cells show a difference in repair 
processes. Initially, the xrs cells seem to show a quicker repair function than the kl cells. 
However at approximately the 30 minute interval, there seems to be a dramatic drop in 
repair. Furthermore, the xrs cells show only a 57.8% recovery compared to a 72%
recovery in the kl cells. Analysis was based using the neutral filter elution technique 
which assays DNA double strand breaks and studies the return of DNA to its full size.
Ku expression as measured by indirect immunofluorescence after damage induction.
In the Kl control set, Ku is mainly confined to the cytoplasm. This is reasonable 
because there is no DNA damage for Ku to be recruited into the nucleus. These 
observations also hold for the xrs control set with the exception that the Kl slides seemed 
to be a little brighter indicating a greater amount of Ku in the Kl cells.
The Kl set which was not allowed any expression time following damage 
induction was also similar to the Kl control set. Nevertheless, some nuclear localization 
of Ku is visible. This may have been due to the handling time required to transfer the 
cells to cold storage. Similarly, the xrs set which was allowed zero expression time 
following y-radiation resembled the xrs control batch.
Comparing the Kl slides mentioned above (100 gy., 0 time) with the Kl slides 
that were allowed expression time following damage induction (100 gy., 2 hrs.) revealed 
that there was a slight increase in Ku expression. The latter slides were brighter and 
some nuclear localization was also evident. Similar observations were also observed 
when comparing the xrs sets (100 gy., 0 time vs. 100 gy., 2hrs.).
It was disappointing to note that there was not a profound difference in Ku 
expression in the Kl and xrs sets that were allowed expression time following damage 
induction. Nevertheless, the results mentioned above justify some optimism because they 
indicate that in general, Ku expression increases after exposure to the mutagen. 
Furthermore, they support the possibility that the greater efficiency of Kl cells to repair 
double-strand breaks may be due to other reasons, for instance, a greater amount of Ku
RNA transcripts than found in xrs cells.
Discussion
Radiation induces DNA double strand breaks by producing cuts in the 
phosphodiester backbone of DNA. The neutral filter elution method makes use of this by 
assaying the return of DNA to its normal size. Bradley and Kohn (1979) developed this 
technique which was used in the repair experiment. The results indicate that xrs cells are 
deficient in the repair process following damage induction by radiation. An initial fast 
rate of recovery leads to a slower rate of repair and eventually results in only a 57.8% 
recovery. The sensitivity of the xrs cells lies in their ability to rejoin double strand 
breaks. Single strand break repair mechanisms do not seem to be impaired in these cells.5 
The K1 cells on the other hand, recovered by 72%. A high agarose gel electrophoresis 
would yield a better understanding of the correlation between recovery time and fragment 
sizes. A theoretical value for the rate of repair (from the slope of the curves) can be 
obtained.
The reduced recovery values stated earlier for the xrs cells may be due to a defect 
in the 86 Kda subunit of Ku. The 86Kda subunit of Ku seems to be implicated in this 
defect due to its greater sensitivity. 11 12 13 Deletions in Ku86 mRNA resulted in an 
impaired double-strand break repair and V(D)J recombination. Further study of Ku86 
may reveal information concerning defects in protein structure which can impair the 
repair process.
In order to further characterize the differences in double-strand break repair 
mechanisms in K1 and xrs cells, immunofluorescence studies were conducted. It was 
found that in general, K1 cells possessed a greater amount of Ku than xrs cells. It was 
hoped that inducing double-strand breaks would somehow affect the level of Ku found in
cells. There was no conclusive evidence indicating such a possibility based on the fact 
that K1 and xrs cell sets showed no significant difference in Ku levels after damage 
induction compared to levels before damage induction. However, there was a difference 
in the localization of Ku. Prior to being exposed to radiation, Ku was mainly confined to 
the cytoplasm. Examining the cells two hours after damage induction revealed that Ku 
was being recruited to the nucleus. There may be two reasons then, for xrs cells’ 
impaired ability to repair double-strand breaks. It is possible that the xrs cell line may be 
defective in Ku transport mechanism. It is also possible that xrs cells have a low amount 
of Ku mRNA thus leading to Ku levels lower than found in K1 cells. We decided to 
investigate the latter possibility by quantifying the total amount of Ku mRNA using RT- 
PCR. (Technical difficulties and a shortage in time prevented us from obtaining 
reasonable data.)
Ku protein binds to DNA loose ends and possibly protecting the ends from 
nuclease digestion.7 Getts and Stamato (1994) note reduced joint formation and large 
deletions in the few recovered joints in xrs-4 and xrs-5 cells suggesting that this may be 
due to a defect in an end binding protein which protects DNA ends from degradation. In 
addition to end protection, Ku may play a role in cell signaling pathways.
Ku's end binding activity triggers a signaling pathway which recruits a 350 Kda
o
DNA protein kinase (DNA-PK) to the binding site. The fully functional repair complex 
includes the Ku subunits and the DNA PK. A defect in Ku results in the lack of 
formation or abnormal formation of the repair complex. DNA-PK functions in 
phosphorylating a number of factors-including p53 and Ku itself. It should also be noted 
that improper chromosomal damage repair can lead to cell death causing one to speculate
that Ku may be involved in apoptotic mechanisms.
Normal recombinational repair occurs in xrs cells but V(D)J rejoining, sometimes 
referred to as end-joining (nonhomologous recombination), is severely affected 
suggesting a greater role of Ku in the latter process. In end-joining, chromosome ends 
are repaired in a homology-independent process. Hence, Ku may play a role as an 
alignment factor in end-joining repair process.
Sequencing the Ku protein have also led to the proposal that it may function as a 
transcriptional activator.10 There are similarities between the amino acid sequences of Ku 
and transcriptional effectors such as PSE1 and TREF. These similarities in the amino 





Double-strand breaks are the most disruptive form of DNA damage and cells have 
evolved at least two independent pathways for repairing DSBs.14 Double strand breaks 
occur during recombination which is a feature of cell division (chromosomal cross-over). 
It would be interesting to quantify Ku levels during different stages of the cell cycle.
Discovery of the DNA double helix as the carrier of hereditary material and the 
mediator of cellular functions has opened new fields of study. A deeper understanding of 
DNA repair has only begun. If the exact cellular response to DNA damage and mutations 
is better understood, then it will become possible to rectify numerous disorders. For
instance, fully characterizing the Ku protein will lead to more efficient cancer therapy and 
means to prevent the onset of cancer. Despite decades of research into the activity of Ku, 
the exact mechanisms of Ku interaction with other cellular factors remains unknown. It 
is only known that Ku has a multifunctional role and ongoing research continues to 
enumerate these roles.
References
1 Friedberg, A. DNA Mutagenesis. AMS. New York: 1995.
2 Seeberg, E., Eide, L., and Bjoras, M. 1995, The Base Excision Repair Pathway.
Trends in Biochemical Sciences, 237(20), 391-396.
3 Horton, R.H., Moran, L.A., Ochs, R.S., Rawn, J.D., and Scrimegeour, K.G.
Principlesof Biochemistry. Prentice-Hall. New Jersey: 1996.
4 Liang, F., Romanienko, P.J., Weaver, D.T., Jeggo, P.A., and Jasin, M. 1996,
Chromosomal Double-Strand Break Repair in Ku80-deficient cells. Proceedings 
o f the National Academy o f Sciences, 93( 17) 8929-8933.
5 Bradley, M.D., and Kohn, K.W., 1979, X-Ray Induced DNA Double Strand Break
Production and Repair in Mammalian Cells as Measured by Neutral Filter 
Elution. Nucleic Acids Research, 7, 793-804.
6 Kemp, L.M., Sedwick, S.G., and Jeggo, P.A. 1984, X-Ray sensitive mutants of
Chinese hamster ovary cells defective in double-strand break rejoining. Mutation 
Research, 132, 189-196.
7 Getts, R.C., and Stamato, T.D. 1994, Absence of Ku-like DNA end binding activity
in the xrs double- strand repair deficient mutant. The Journal of Biological 
Chemistry, 269, 15981-15984.
g
Anderson, C.W. 1993, DNA damage and the DNA-activated protein kinase. Trends in 
Biochemical Sciences, 18, 433-437.
9 Errami, A., Smider, V., Rathmell, K.W., Ming He, D., Hendrickson, E.A., Zdzienicka,
M.Z., and Chu, G., 1996, Ku86 defines the Genetic Defect and Restores X-Ray 
Resistance and V(D)J Recombination to Complementation Group 5 Hamster cell 
mutants. Molecular and Cellular Biology, 16,1519-1526.
10 Knuth, M.W., Gunderson, S.I., Thompson, N.E., Strasheim, L.A. and Burgess, R.R.
1990, Purification and characterization of proximal sequence element-binding 
protein 1, a transcription activating protein related to Ku and TREF that binds the 
proximal sequence element of the humam U1 promoter. Journal o f Biological
Chemistry, 265, 17911-17920.
11 Finnie, N.J., Gottlieb, T.M., Blunt, T., Jeggo, P.A., and Jackson, S.P. 1996, DNA-
dependent protein kinase defects are linked to deficiencies in DNA repair and 
V(D)J recombination. Phil-Trans-R-Soc-Lond-B-Biol-Sci, 351 (1336) 173-79.
12 Schwarts, J.L., and Porter, R.C. 1996, The molecular nature of spontaneous mutations
at the hprt locus in the Radiosensitive CHO mutant xrs-5. Mutation Research,
351 (1) 53-60.
15 Evans, J.W., Liu, X.F., Kirchgessner, C.U., and Brown, J.M. 1996, Induction and 
repair of chromosome aberrations in scid cells measured by premature 
chromosome condensation. Radiation Research, 145(1) 39-46.















































































f y z  2-1 Z--
r*\ del <&f) C uoOfCpm- 6 0 *2- Cjt_£,^. £.) C-T £ l-> £ <jr /6 -T
i 1 . 0 tojS, 3 2  ofig  . £ — 2.(3c S ' J 2-0 Z.C-X. GarS’o. i
UilA 9 2 2  ♦ ‘1 2 2 9  3 J.s? 2. | 2 f  7 - > 3 2 . .  2_
3 3,/ H1M 2 -9 9 .  Gz. '3ciJ • 3  4 I O I S - I ^ • 3
</- 3 .* ■ ilv t« 4 -  CU> 3 ^ - 3 2  5 3 -  / 2 . 6 . 9
*  3,3 U.O.V U \ *  4 4 3 3 | 9 ‘9 ^ 7-il*i6 ( 9 - 9
<✓ 3. 2 11 3. 7^- 3 43 / * 66 l H - S
? 3 > ut-i- 4 2 • *>4 3>f^ fhb ^  83- 1 t 2 . 6  r ' '
* * * Li.Q ( b S 'i  -6 3  4 5 2 - j * 3T-(-1 7 * 3  ^
1 ( irt.a n -  * 3 6 ? 2 - s 3 ? -?  • 1 ^  ^ \b
c l 5 o-3 3 9 Z z - £ 3  6 4 . •? 9 - 4fO I mv ^ o -h 3 S0 5 .D
f  1 lr>$.U 22&* 4- 6te2/J » 4
1 3.2, 3nO D lo Hf-V /oVfT- « 6 7 * 3 -  ?- ? 9 * o
£- 3.2. f3T>.D WZS-L FZJh 4 2 ./  u 3 - / 2 6 * 9
3 3.2- nA.% 3*5-1 6 / 9 9 3 f ? 3 ? - 2 . 2 2 *  ^
/^N ¥ 3.2- l ovM 2  - 2 ? ‘ S ^4-05***/ (iel-tt l o *  /
/ £6*4 11+1*3-& / f - o
6 3*. a 13.0 i r ^ i t lz ? -* 1Z U"Z .M
} £ z &,* J4<M 6? yt-V to?-?
* 3 / i - 1U.2, I 4  4 *c> 9*62-0 • ? ‘m-7- / 2* M
’  / / ? 1 ? - 3 ? / 2 ^ * i 1 d - 2-
1  i O&SX 1 9 4 -6 ? 2  7 4 * 9 -
AJ ( S3 .& 5 3  ■* 7 3  4 ? * jTF { m4. v iU £ 0 / 4 . ;T





(s 3- 0 H3.D
f  3.1
<**\ 9 1 t7l.$
? 1 &.V ’
C ( LfrU-
AJ , uT<>
r  { fUV
6i *
/-N (/»/ H#r*\ ( \ZOi)f(f»f * /l*') i -  * &T- 2^  ^  2l*l
CrT - 2> j ->5?✓ 
/ 6~
I t i l  lr k . * 525-4 5z5-<* 3 2 2 V / S  t- 0
t t . l I t f .1 749-3 2-12?-* Z •7? ‘ 6
3 3U J & b *0 <?50*3 2.«0 ^ - 2- •?4»- r*
¥ 3.^ IW *  *T f o y s ' Z 2-4 55- 2^ 7 t>-?-
5 3.- 7/.0 /33'S 12 32.'^ ■25*2./ *1 6 ? *2-
3,2- a t \ZL ‘ > I 5 f r ?<5 2.3 ?5*2- <3 . ?
? 32 {/>,U ( i c - r I h - IS -Z 2. 2 ^ ^ '  7* £o. 7- ,*V* \j
t 12 b t t f u r - * t ( 4 o i • 2- 2-/53' 3 5 7 . H
? 3.2 6/. 3 ( b k - 3> 1 ^05-- r 2-0^1 ‘ O 5 * . *
c l 3 r t A 2 %0 ' Z 1 1 g5*?~
1 ' in .S
h / I M A 1 ? S -2. 3 75H-S^
w / i t * 2.2-1-G 2 2-1 2)1 ^ ^ f(3-3
2. 3.r S ix 11‘ *» 3 t.S‘ 4 2020 -5 *%i* 6
3 9t.o \ \ z - ? t fUO- ' J (?<* &7- 2-.
/ ~s <f 3. ^ S i b *&<>'£ $ 2 \ ’ X c v z ^ ' ^ ?•?•«
£ 3 ^ W -0 C ' 5 ( 9 £ 3>e3 7-5' « /
L> 3.7 <ft. 0 5V* ( H o - * *
f 3M <W.f 70 5-? ( l><43>'0 ^ ? - ‘!/ '■
3, 'f • f f - y 7 ?  5-3 £?•£> A/
? 0 % v u o ?75-3 f f  ? 2, ' £ l 7 -e>
L 1 IlC.^f S l ' Z . S3"* *-5“
Ai ( U r i . u Z 3 r /6?/'5"





















r*'- \ € 1 *S
vol C?m CvoOCc?m-&<r} •L
& T- £ \ -»9 /  
f  Crl
\ '3*2 \ z l - i i % k z s - k f 6  3 ' g
2 3'3 <2^-0 \ H f ~ Z ^Z3'fc 3>S-< t+ k ' k
3 3 '3 S l - t ‘S l - ' i i tfSI-e 'Z . z o - J - 3 6 '  °/
2 '° t 9 * '% *1*1 •S' ?-?5-r I 34-2. 2 ^ - 4
r O P STiT-jT l S6^2 2. if if ^
O 33-2 O £ ? $ -? 13C- 2. Z h 'C ,
0 k z -0 P 13&-2 Z L t’ i,
« 0 3 ^ 0 _£>______ r ? f ' f l St-2 2 - k - k
0 ^•f'3 ... _.c>. ~  l U ' Z  .. *2^*4
L / Hi-2 - 7 - a . Hi-2 J*r-9
N I n - 2 _ s^ -6 7 b i - j 55--(,
/= I °I?'Z S S r l ( ^ 6 h f )
....
I 3- C 2?0* %30 *2 S 3 o * z l> 3 3 * l 6 s -o
3-4 !*•<'£ 37^-S \ z c 6 1 i V ? 3
3 'C ° l ^ 2 0 ?-*, I Mli'w
3 ' 1 l-h - i 12-2--H J S ^ -S i o f ? r o »%
r 3-T l ^ h 0 1 1 3 -? ) 66 4  ^£ 3 ^ - 8
i>l~0 T - i - 2 I f  3 7-H 3ST-«*
•^ v
3 3 '0
? S'5T 4?-2 ' t k - T l S 3 ) ’ f > 6/-6*
? 3'f Ls-% l k  11*3 4 3 2L 2-6-3
7 O S o 'i o l ‘U I - 3 4 3 2 .
4 / U%-<> Lfl4f-2 2  33"?* /
N / )oH < 2-42-6*5' \ b b - t 6 * 2*3
f / Z o ? 0 a c t  (* £ * - 1 $ - i )
eh ‘ i*'v
\<
j 3 -0 5U7r. (/ ( M S 51: H1L 5-Z ZVf.ly l l O I - l l ' ' m * ^4 SO
b 116. 7' 'zMol- 3 9 ,3 ^
3 -> 73 S' ^  lorftffk 5$. 51
*) n . t s Z6 l?tf { Ls 53 , 4 7/ V r5?
<f %'U IAs '& 'H 3 l .5 <
ln>TS m VHrl.TV 3 ? ;/ f
* Z>v t z . v 5Z^ r- 0$T i t i & M 'Z'?, z r
1 tJ£ b. 510*1.0$ t ? . U
L \ «59* f b l o f .
V 1 6 l .$ 3?f1 .S f
(- ( v /.M -e * 5 S $ 9 .o V
\/b\. ( c ? m - 6&Xyc)') £  Ot'  is &T'  A t
1 3*1 2<6» 2, 9' 6 4 9 -6 M 'r? '
z 3m ir? -^  3  63*3 »°32* 1 K 9 3 -7 fco* 7-
3 3'2 Zh^ -o U 79-7 (3 «■* ^  ? 5"i* 3
h 3 m loc*-£ 1467-2 US'S -s
f 3*z <UA 167-7 ItSS'-iT 3 ? '? -
i •3' 2 13^0 1^ 0*5- 8 f M 3 2 * k
7 3* « “136 193 6-0 CftO*6> 2-6-2. ^ jM 1'
$ 3M fc 7-il £ ^ b O ZoZo-3 6 o&-3 2 i - j  ‘ I-1’
9 2*3 ‘2~1"elo 2io£*2 - 5"iS-<, 1 ^ *7 -
L » fc> 2 lg -i, 2  b~2~^ *G
1 Z os-3 i 68* 6 Z *ifS 'Z
f t (?/• 6 i3 1 *if ( Z t> 2 & 6 )
tin ->
J
|i,i ? f(M/d fr»A^) i frtLfjs-fUu>) h^(^vQ  54*ts
ea ’ - M
tfl LftA £ v'o l ^ CCffm - & 6-3 z k"T ** £\ —*.£ «7 <,r _
0  ' ( 5 0 4/c.o If 2 2 '(> 11 22*4 /g 0 8 ‘ 3 6 / 0 ?■
3.0 wr.fr / 4 r 7 - z S o -z
3 3.3 (/£. (/ 1 ~^2o° £> 1 7 - i O'  3
¥ 3 > 2 o l* 0 h i i .  t /o o ? - 3
3.z- l ^ * 2 26?^*? ^5 ‘3 -f Z P i
fr 3 ^ (,3.0 z s - \ 'Z-U.2* 1 ^Q^€> Z 6-2-
i 3 > - A  A 8 7*6 Z25Z .5' 2 5 . i
s 3. / 6*.v 6 ? '6 2 3 2 0 - i ~~ b l 0* 3 -  ^  O' ^
7 3 2. frl<f ioSH ■2_4z:f*9- — S*<95~- Z -  / ? '  z
L \ 4 l 3-fc ZS3 7 -3 ^  3 - / 2. MU) 33
AJ t <tt.1 2 34c**> -  ^6-Z -  z  - ?k K '/ f
f i llZ,(s 2^*2 2 ^ 3 0 ' 1 O 0
5 ' / 3J 6>.» 2.? G?'2 Z 7o>-2. ( 3 0 fr S / - 3
t 3 ^ 7fr.fr l?2'6> 4  3*. 3 f / / z  • S 6 7 - ^
3 32- t y . t VZ2* 7 6 o>» 7 6 Z ' c>
3.3 H v 134*6 7*“^ 0-3 8 5 -^3 ^  b>G
5 3 > frl.fr lo fr'2 . 2 4 6 - r fr6* 7
(/ 3.2^ (A3 7 3 7 ^ £ < z z 4-1-3
? 5.5 (A. </ 73-f 16 3.0-.S' S ' i s - I 3> '*^
t 3.2^ L3.1* gS'-fc U L(> -3 <f 7-^-3 3 ° * o . d-
7 2.< 57.<J ^ Z l '  8 7 4«i.
L I 1^.0 8 S -i I2C z »h 3 .33-2 . 2.0- °J
fJ > (fr3.p 12 g'4 ( 3 7 / '0 2o  4- e> 1 Z- 8
£ t 2Al.t> Z6H- 4 — -—
i6‘ 1 3.0 ZT 'S -o Z 7 3 -  t. / 7 7  7W 86*7-
V 3. V A l *7 7-' 3 c^S'iP-S i G o i ' Z ? Z ' /
5 3  I* M b (S'k-Z 60M * 3""
V 3 .^ $Z*?s {UQ'C tS " /- / l 3 e>! C’b - k
3.1 ®A ( 3 ^ 4 8 B 7 - r l U k - l r ^ 2
0 3 > ? n 0 1 *3 ( 0 / 7 - 3 / o 3 2 - . g ,  ... 5"p-3
1 $.2-^ t t A (44 -o / ( 63 ' 3 ^ 8 8 - 8 4 3 * 3 /ITj
z 5.U <0*3 12-C o*4> ’l - v * ' 38*6 * * «
7 4  A in  % ' ? i (fro?. 3 6 k z *2 3 / - 3
l 1 ls*S 3 1-4 l k k t -2 z ? - s
fj 1 133- ^ 7 -2 - t f & l 5"/«, z 2 * - '/
F 1 55b fr 37^'-2_ 2. 0 5"Z • / —
Ife* . 3 4 ' ^ '
Nj <3 \ t  Pm C'jo &*) 1 C- T— £<\ 4rT^C, ^ / 6
*u f 3.2- UX-0 [ o 3 ' 0 1 6 3 * o *tr- >
V 3.2- v . v / ? 4 - 7 2 7 ? . ? - Zi H 3«7- S  S ' 5"
1 3 , ^ 160.0 2 o 3*S" <*2 U Z O' 2- 8 6 .  i
V % .c n o - * £71*^ . ^ 7 2 - 3
6 V . 2 i ? 6 -r S 6 B ' m t 5“5-3 4 m • 1
u 3 .^ ‘W.V l 2>kA loS7* 2> 134B-I 5 4 - 5 -
f 3 . ^ <W.& m *  *i IT-4! £>*2. J( S i - 2 <+3'S
t 3. ^ °i3.V i s u b | t !2 Z -0 Hi- 3
1 /.* W hV S2-0'4 ZZ*t z* <r v
L f Ity.v 2 Z 4  B '2 n - i ' - z . 2- ^
V ( “Z Z fcZ ^ - I S 8 - 3 - 5 * '  7
f l i « . v r33 -s 7- t^ "Zl * ^ •~~
bo' 1 3.? ?(/.* 1 L*feo' m - r 1 O oS ' *i S 7 - - 3
Z 3.x 5 X 9 9 S ' r/ Z3^*i, “T-^'6
3 3 .* 6b. i, 6 3*6 £?!> 6* Lf 7 < e - 1
*/ S b & \A 8 z * s 3 s / - s 7 - 7 3 - 4 46 -  ^
* • ( , $U b SS'J t+ k o .i 7 - i5 - \ 3
6i
4 3 . ( f *MjA 5 4 *t 76. i 67<U 3 r  s * s
* 3 j 2 ^ -6 £br*?- 6 4 V ? ^ 2
9 Z ,^ 53.Z U s - t T 5 > * - 2 4 0 6 - 2 $■2-3^
<7 6 3S.Z O r  m .  z 6 0 6 * 2 T2-2T
t \ w /- 4 $"?£>• s r*6^.4> U-8-7
M 1 /&/-Z ^ ° i Z ‘ 0 *-<63* h - J
[ ^ 4 3 - c, n s s *  * <— 5—






|t> Ub ? •
\ ----- -------  »
5b (*o to





X v $. c e \ U• t l h - 4 H f w
3 6  -  3?.*/
& T - £ i „r 1 v'O^ c f  rv\ (voO^Cpm - 6 ^  £
3 I 3./ k f b -  M-3 -  M-3 \ 0 0 ’ Z
l 5.2/ h u % - 4 i lol- 2
3 &>■(* -  u - s r -  i3-7- 103 • 4
4 • 33.-/ -  12.5 - 3 ) - ^ lo4 -|
f H t 13-2 -  »s-3 | 0 3 - ^
G 6.3 m ? 502-1 M84- 4 4 -2
9 w . r 7~*t <-i1z-o MS
S 3 . i / } Z , U i - 2 M 3 - 2 4 - r
1 / J H 6 .H - lO*M 5*03*4 2* 5~
L I H i H G - c 5*01-4 ■—
h) I Hu H 3 - o 5 i z -  £
P t 3 3 . H i \ - o 5 l t ^
5  l 3 .£• 3 % .  .f 11 4 5*- 6 11 4 5- 4 ? I - S
l 3 if I38.D 3>4 l  • o i48?*4 43*4
3 5<f t e - H \ 1 o -4 149 2- 0 5 5 - 9 -
3 4 H <f I l5- 4 i7<? 3- 4 5Y-?
5 3,3 f a .I s to 1  * 4 i 103*2 5 3 ' 2
4 3 4 H I. Is 2>0* °l n-34- i 5 i*Z
9 3 4 U > .H *?S*2 2.04.2-3 4 ? *3
£ 3.< f s . v 3 9 - ' 2 c T 9 • H U2-1
I V l .t > 1-4 Z i o l - o ^ 8 - 3
L i ZHH-.v 2o4-£ *2109-8 -
f J I ( A l . V C 5 3> */6| - it -
P I £H i.ls S ' t X + L M O t f t —
«'  / 3.3 3 7 ts M I | I 1 * 4 i l t l - M = H - %
2 3 3 I S J - H 314-0 I 5*1 5"- 4 d Z ' i
3 * ? { \ t > 2 7 - 4 ? I9-10- i <.2-1
9 5.3 t l < H 145-0 n  & •  \ 5 i r
5 1,3 W - H 132*0 2 0 3 9 - 1 s t - z
4 3.3 IrZ.b f c l - 2 2.14 3*3 g r - i
9 33 U l . v 2 0 0 Z Z . < i % - Z S ' } -  h
3.3 55. V 59*4 Z3 0 3 - Z 5 2 - 2 .
1 4 9 uHP 45-Z 2 .353 -4 S' I • 2.
L i t b l . T ' y ^ - ' i 3  J 4 2 ' Z —
fJ I m .  ^ 2 b o - 2 Goo' l-o —










(  Vo Ofc Pm * B c - 0
l6 lS O
s n -  6 
202  0 
\ 17-*}




i t i 'f -T -
z m - *
Z S ^ - 3
Z - S ^ - Z
2 . ^ / r - i  
z  Z o i  ^
'Z.alo S ‘S '
CrT - & I ■^£q /6  T*
63* •?■




k o - S  
$%• k
2 7 5 - t S l T s 0 * 3 z o z - «
3 ^ - 0
/ 1 UH.U v ~ \ 3 o 6 3 '  ^ 3 ^ - 0
L 1 m - l 3 ^ 0 * 0 —
h) 1 38V. 4 3 0 3 '  o M II 9 - 7 - -
f> 1 i s 3 4 . t S  “? *? m H 7 -  0 - 1 —
W '  I # y 4  A 0 6 - S °| 9 6 - S 5  | - o
z HA i l i . S ' 3 ^ 2 * 2 t 3 \  °l *D 7 M - 3
3 y. ^ n A 2 o  7 - 0 I f  2.6* o 9 0 * 3
/•*\ * n x ) °1 0 . ^ O i t  «°l L i ' S
6" % - i 4.1 n r O s - 1 i B 9 S '  O 6 3 -  l
is a w H-l S l - l * ! ? 7 7 ' S U h
f O 112s,D 3 i  3 • 3 2 2 ,  *73-1 5  S '  3
£ g n i. if l i w o l l O ' O 2 ^ e s *  I S ' i  2
1 0 3 M 0 z-m o  y  ’ l T 3 * Z
L i \7S) l .V 12SLm - B 3 6 t f  7 '^1 2  8 -  9-
P l 6 5 0 6 ( 3  -  'S * t z 7 l - = h |6* 2
r i $ 1 ? A 2 6 o -  2 S '  1 31 •c? -
° %  1 3.1 b*3.2s
2 Z 0 o
?  g 6 '  O ? l o
7s- M II/. 4 2 2  9 ' 4 ll * M 62 4
b 6. i W . b 1 2 ^ - 0 I 2 « wL,*H $ H - z .
4 ?.l H u ( Z V t 1 U V o S S - \
3 . i u i . o S O l M 5 \  - S ' ^ 2 . - 4
is 3.1 5 % b O - o | S ' l S * ^ 3 ~ 0 - 2.
7 3 . 1 5 0 . U $ > r l f ? S O u « - s
^  * 2.1 </9.o b i o 16 m  - o - i
9 i.$ s t x 2 6 -  1 163 M * \ ^ • t - 4
L r 6 2 3 A 2  i i cO
M \ I M S z m - M Z 3 6 M —
K i. t > n - n 3  © S o  * r
u oV C  ^m ( Cfjw'&{.-} £ Gl -  £ l -*.£* / 6"T
(? p  1 W fi ■yi/iM* 9-65*- 4__ £$■'*>
V V iOU.D ZHT-'O io IZ-t) ? C ) - ^
3-< tl.0 U 6 3 - 6 * * - 6
t S t,Q.V 114-S /a ? - ? -  £ ‘H - u
6 * ?34 IZ6-C> -  ? 4 0 5 - 8 ^Z-°l
4* 3.$ 9kfi r s - 1 / ^ 6 3 ' i
J,.( 5S.D ? 2 - \ C 9"36 'O -Zo' H
* 3.\ 5Vi 6 4 -3 i ioz-S
I <U4 ** ' o lGoi-3
U ) ssi.i sri?-'£> Z. 1 2 3 - 3
I v4$4 £*36* 0
P / i-Wi.Ty 2 63jT-? 5114-1 —

fy b *  3 0 -/
CfTY' ^ f i i - O f v c O I
Csi ■ 2Ti+ cj y
/  6 T
0' I 3 > UVj ,i' 66 &■/"*?■ 6 6  * T* S  o  ♦ y
l 3.3 IhOy i ! . u -  r g o 5 4 *  2. i-f O « tf
3 p.-y Vtf.H ■ ? o M < *362.- 4 33-* 2 .
i 3 3 itf/C 4(V2.' 3 *9 1 6 4  - ?■ 3 ^ * 2 -
f 3.3 1315 3>S"* ? °l 4 ? D * r 2-4  *8
P 3 3 II3.C 2  S-3- ? ^ 3 ^ * 3 2 - ? 'D
* 3.3 ic3 2/ 2 2 i - 4 ‘H S ’.S'* > 2.6* *?>
? 3 3 2 0 3 - 6 l o i n - 3 2-4 *8
9 1.1 iff * 1 2 2 - 6 iOi'&T.* 2 3 *
L 1 1^ 3.1 2fe5=f*=> IT- ■
t^ 1 - "2.01- 1 \ 3
V 1 4 -^;-4 3 S3-. 5" 1 3$" »4*S
5 '  * 3.< " • /.(J/j V#•" iO •’ 13 3ik* 15> 3U '6" 5 6 - ^
2 3 1 !?f faz.cl V ? - l U l O ' ^ 3  b'  4
3 3 ' i/t$ .u 2  2  c l - 3 Z m i - T
/ ^ \  ^ 31 f<?. 212 n ? - 2 - 7 - ■2.2-SS^ T- 2 - ^ * S
5 3 1 3f f^.u 62-1 -1 - 2 ,3  3 'C>b *4 2  3* &
6 3-1 /6 M i 'b '- '- t 2  3 C/ 0 I ^ 2  2. ‘3 "
f 3* 3 e> ^ * 2 Z 4 z o 6 ' O 2 ) * r
? 3 1 3 o 4-3, ' 2 4 ^ 1 2 *  2> 2-O'ST
•? / $6.1/ 2. 4  S'-M - 4 '2 -* -  3>
L I f  5k.‘S . “TZc- ?■ \ —
fO I a *3.i (3 c ? --3 2. 6 ^ 1  * u
ir I <+t>4?,i 3e> B 3 ^ - j T —
/5 ‘ i 3 3 <Ul.T, ? S '<} ? . | 5$ 3 ^ = 4 =
Z 3-1 5 «  v 7-4 2^ z - ~ i3 *io -3 - ii.~a ^-5~/
6 3M 3+3 ,v \o4 -? -3^ ^  46 ^ ^ O 44.-Z.
1 3-1 T/tf >f ^ 6 ^ 6 -3 - 3 f o i T - 6 ^ S ~  VO-2.
5 _3-1 /*£ S S ^ ' 2 ^ T S r o a a ^ g ^  3 ? - g
6 3-1 (*¥.V 2 3 3 *  b i
f 33 ^ ',6 ' i f l '  3 1 • Mr 3>5'l
^  r 3.3 1 3 3 - - ? - " H 2 i  '  l 3 4 * 2
£\ i.f -)2,c 6 i - r | 0 0 4  2,* t 5 3  - •j
L 1 i ? -^ T. i* 1 2 3 7  >" ll 2 . 2 2 -  l -
A-» f '■ 3-i.c 'SOZ'-I U o ^ ' O
P t mi-v 3 c>25- 1 15"l 7 o - 1
B* -. 3 6 - '
\J& Cf** cSUSK-*.* 6"T^» 2  ( I
/* V i - £ 0 *> /4/£ f 5T z  M 5yjs*c( ^
7, 3-y 1 S o z - i' ^33}^ 5" 4 . i
3 3.* W.U 7^22 >? 7- 6T5V 2_ H-9 ‘2
4 3.y (V).b £ yas -\ 4 5 - S'
S 3.i 4 5 S‘?- S5(6 -"S 4 2 - 4
3- + nib 3 1 2 - 5" 3  2 3 1 - 3 6*o a
1 3.H- iU*S "2 3 a -4 <//* 3 - 7 - 3 2 - 4
fr 3.f tf.H 2 e>t- 4 4 3 6 2 * i 3 "?- 0
/./ M <>1- "l <7424 • O 3 6 - 6
C f 6Z I-> / O 105 ■ ? -  — 3 2 - 0
/O 1 f&M / / 5 f ?  ' 2 —
F i 5 3/ff. ^ 3 z=»-i>-s IH %11-S' —
1 f  > iSvS W to-iu 4 1 o -'M 7- 7 - 1
t' v-3 /£/.(/ 2  SI-9- ??( -& 4^' 1
3 Hr. 3 m -3 J f l - I 52  '&
f q.2> W^.tr I 3 ' f 2 (0 22 -z, <?\* t
S H:3 5?.V <io-T- ( H j o M-7 -O
0 H.Z U’> 1 O | -2 l2Vh-z. ^7_- c*
■x ■2.? 9 M t i - n IS? l j 3 ^ - 6
t 6) 5<3S o 13 3 ? - 1 3 ^ ' 6
1 £ 3 W o ( 53^-t 3 7 - &
L > 5^ 2- 5‘o‘Jo i I 64fc-x —
fO / 2J<i- 1 2 o6c • 3 *—
0 / /*?.</ 15?-3 2  Z I3 - t
1 3- ^ i^7,v IT ^ -S " l2fc? - 5 S 3 -2.
o’ 7, ift.C 4 5 "?-2- ( ^ 2 6 -4 - 82 - 5 "
3 3 v \n.i, 2.^ i-1 2 cjoS ' 6 l - v i -
V 3. & U'/.l, 2 6 5 -1 2 2 ^ 4 -r 1-9-0
f 32, ft. 7, 2 o i' 1 Z 4 4 4 ' 4 '9s -0
0 3.Z icc-H 2  ©5- 8- 26 g2 -2. 9 Z' %
T- 3,2, 83.<* (5 2 -o -2 2 3  4 -2 . 7 f -3
% 3 3 ft.U (Q°-l 2. 1 1 4 -3 £ ? * 7
°i (/£. u •?3 -3 3 o6 ^-(
L 1 tm. 2. 3 2 ? -I 3  ^5-? -z * r-o
k* f Z3o5\ V 22.61-1 5  ?  2.4-3 —
f ( q i t e A 4 )5 2 - 3 4  3^6  -b —
M0<
&r;36 •> 
£ pno (if*\-<p(X) £l/o -£
6l - P . -rtc,// Cr T
i 3 .< HlS.ty S Z Z ' Z ' Z <2SS-« 5 ^ *  i
o ] Z-- 3.5 tsuS n - o o - o ? S'S'S-g 4 ? '3
3 3* 3tG.D itM 'Z . . 833c c> MO'?'
1/ 3.*/ XioM %1r-T- S b /? -? u o *  1
6 koo 'O 3 ? -4
0 3.< m . v 3oS*4 ^32 &*| 3fT-2-
f 3.4 t4*M %  t>6‘ } 3 '2' >
z 3.4 ir ?. 4 *2.42'^ '? ?23- < 3 i '  l
1 I ?v.y u% -l 3 o* 7-
L l v&c. 4 l- i- iltp ? - —
( 17J4.4 ^ o -  3 < 3 /^6 -c> —




























































$ b *  2 U  \
fmt^
f/l*/-?? Cfl* (*$-£fr)(voO I
GT-5Tl4. q /
/  6 T
O1 1 3 > 66 ? ? •? S o -  5"
l 3.3 \*bu -  r 8 0 5  4* “i ^40-4
3 3.TS W  7 S- X <8=Hz- 4 3:f- 2L
H 3 3 l$t.Q 4 OX* 3 / 6 4* ?■ 3 Z - 2 .
3.3 151.5' 3\S"* ? ° i . 4 ^ o * r 2.4*8
P 3-3> 113.2 2S-3-? ^ 3  u -3 2.^*0
? 3.3 Ic3.2/ 2 2 i ' i ^ 2.6* ^
? 3 3 ??.* 2 .o2>«6 loir^i-s 24 * 8
9 {.? lof.% IZ3-& loz 4 2 3 - ,5|
L I ■U/K.'f IT- ^-2.0'^ —
to 1 ~LO°i- \ ' %tx*l- 3
P / 3 z f . f l2S'l<t-«
5* l 3.< 3%.s \ 3  2>ik- S' 133U-3" $6-*?
2- 3-tf v t z 4 V ? - 1 7 ( , lo -z 3 4 - 4
3 £/i3v 2  3 0 ^ 3 z n n - r
</ 3M 5z?-.z/ 1-2-SS4-Z. 2 ^ ?
5 3 i 'li^.O 6 Z-Z-T- 2 3 ^ 0 ^  '4 2  3- 8
6 3-y /SM 3 K - L \ Z 3 ^ 0 l - <2. Z -z-iT
f 3-f Il3.!> 3e> *V2 2 4 z o 6 ' 0 z i r
t 3.* n u > 3o 4 ^ 2-4$~ 12 • *> 2o'3"
<? / te.Ts ^ • 1 2 4 ^ 1 *  4 2 ^ o - 5
L f iSb-S ^2o-?- 2 ^ s i ‘ \ —
fO f I3t3.^l l3o^-3 2. 4
H 1 ^b\3.V ‘to 4 ^ .1 3 o 2 3 ^ - S ^ —
iS l 1 3 .3 Wyi.-i/ 55" 1 3fe=^= ^3-
2. 3 -t t( 3 o Z o  3 -  t(..~3 >
* 3-<t 3<# ,C? lo H f -5^ ^ I t r s T - O  4^'Z
3 •i i<ts fco^. t 3to CT4 ' ^6*2.
5 3-1 rie.r 3 -^ *2 1 u u i - / <at t6 x ^ 2 _ iX ^  3?*g
tp 3 ' i w.ff 233- fe l^ C»^ 6' ^ 3 t ' 2
£3 S*tD r T - i -3 - 1 * Mr i s - \
3 .3 ?2'U 13*3- 9“ n i « i  • i 34 '2
"? l . l qhb 61 l D 0 U 2.* t 3 3 - ^
L f i VK. U ( 2 3 7  f II "Z-ZZ* | -
AJ ( yi'7.^ S o * 1! I ZO^r- O
P i 3i?i-v So^5- \ 1 5"l ^ o - '







c f * ^
K / f .  r
- 3 6 - v
G ^ ^ d t S * * - * * * ^
S S z % - c[ iT lS - ' l  2
Gt^  2 , -rZltys J
<*T\ 6 -2 - S
2, 3>y w . l - 1 3 > 0 2 ' 5 ' 6 S 3 )  - 4 5 4  '  1
3 3.b 241. Is 7 -2.2 • ? > 5 f V 4 - 2 4 7 - 2
3 . ^ 2  / S 3 ' \ 4 5 -  5 "
5 3 . i 17-i.« H 5 2 - 7 2 5 4 6  --g 4 - 2 - 4
G 3.<f n t .b 3 \ z - 6 " S S 7 1 - 3 6 ) o - 3
1 3.+ ills .t 2 . 7 4 - 4 7 / 5 3 - 7 - 3 S - 4
t 3 A w 2 o f c - 4 4  3 6 2  -  l 3 , " 7 -  O
1 i. i U -  *» “7 4 2 4  • 0 36-6
L i 111.* 6 2 1 - 7 I O / 0 5 -  7 - S 2 - 0
lO i ) 4 ‘? / * 5 ' / / 5 ? 7 ' 2 •—
F 1 3 3/*. ^ 3 2 ^ 4-3
I f  * iS v S 4  ? o - / 4 4^0  - 1 4 ' 7 - 7 - 1
v .3 M.U 2  S I - 7 7 7 I - & 4 5-- 1
3 £ 3 ??,$ i 7 7 3 ? $ > / 5 - 7 - 6
* GL.L- 1 3 1  * 7 l O Z Z - z , 5 7 1
S <£3 5 ? -V 1c> • 7 / l 7 3 o 4 7 . 0
0 H.2, b o .* | 0 |  - 2 ll-H h- z . 4 x -  4
7- 2 . ? $?.</ 6 1 - 1 1 3 5 ? - | 3 7  6
t 36. t 0 ( 3 3 7 -1 3 7 - 6
1 £ 3ls.il 0 1 S 3 7 - I 3  7  6
u / 5 /5 ,2 - So<\. 1 1 S4<»-2
/ i & . i 2 J < f - l 2 o 6 © - 3
f> 1 m . n 1 5 3 - 3 2  2 .1 3 -  6
I 3- * W T -ls ( 2 6 7 5 1267 5 8 7 - 2 .
2, 3 * iM -C 4 5 7 - 2 l  ' ^ • 2 . 6 - 7 8 2  - i "
3 3 .V m . i s 2 o  o S - 6> 7 ? - ? -
V U1,7, 2 6 5 - 1 2 2 7 4 - r 7 7 - 0
6 1.7, W.Ts Z o  l - l 2 * 7 7 4 - 4 7 5 - 0
G 3 .^ too.</ 2 0  5 - 3 2 6  H 2 - ^ - 7 2 - «
7 3.2, 1 5 2 - o ■ 2 * 8 3  4 - 2 . 7 ( - 3
t 3 3 f* .U ( Q o - I 2 7 ?  4 - 3 6 7 7
2,<r U$.\t 7 3 - 2 3o6S-) 6 3 - «J
c 1 U'Zd. 2, 3 8 7 - l 3  4 5 ?  -2 3  5 - o
{ H o S .t s 2 2 6 1 - 1 5  7  2 4 - 3 —
F ( q i f t . 4 4 1 5 2 - 3 °!B76-6 -—
8o- ; 36 )
o '
Vt>l Cfno (cir*'Q6) (t/oO *
C>1 ~ £
1 3 .< lht.0 SZZ%'% <888-? 5 *\* i
L 3.$ 5U.S n-oo-o ?  rs\s-8 ^?*3
3 3.6 3(6.0 Im-z. 853o -0 M0"7-
4 3.4 Mo A S**3- S t/ ? -? U o* i
6 3 4 kOO'O 3?*4
0 *.( W.l> 3o*-k *3 326* I 3 ^ -2 -
f 3 4 i4*A Z£*-t> %  1 6 -* 3 2 ' 7-
n 3 4 irt. 4 2.42*^ ? ?23-1 31- 1
l ?v.4 U^l 1 ??/•<« 3o*?
L l 2£&. */ Z^4*3 — -—  -
f 17JO-4 610- 3 I3I&6-0 —





} fte&, 1. Grow cells on monolayer (coverslip, glass slide)
w W ' .2. Rinse cells with PBS hvu.fj*>  *  #**
^  \i 3. Fix cells with cold acetone:methanol (1:1) for 10 min.
2*bir huL fix
W  4. "Air dry slides. 7
5. Can store slides at -20°C until use.
6. Stain cells at room temp, for 1 hour. Start with a 1:500 
dilution. (I used 1:200 dilution of Ku antibodies)^* ?&$)
{ \b0)JL n tnH -*' Zfus i r »
W\fi “ f t/s^ * 7. Wash with PBS.
8. Stain with IgG-FITC for 1 hour at room temp. 1:32 dilution
used. l° ;3*t*
9. Wash with PBS.




Anti-mouse IqG (whole molecule)-FITC. Sigma product # F9137 
Provided as ascites fluid with 0.1% Na azide.
Aliquot at store at -20°C.
Do not refreeze after thawing an aliquot.
LL, 
J  /*
Vi JX <4o0 A6A«feo
Pu>. Dfa U :0
£ r t ^  fryd R t .  q& u,ou/JL
>- Sk>\£>L/Wl f- (I pc/v IO/'LA (" |Y\ evV p \r C5 L< ->c_
(o c c\Xl c| ^  ciww.t' tvwc
CUo( ^ P \  eU x ^W M ^ J CK^Vts\ /lA/vyLiyV^. r  €  S p o n  Sr-
j
P<
0 U^W/cioluaV^ci. — » P 80
K 1
5) K  3 - YCtc^ <U P ^ o 0 ( Pi WV£_
6 ) K 1 / <nJ-eu>( -— =» P f o 0 ( "t“>
3 ) X V s f  '•V cW,CA. V“O j^  .._■^  P S .3 O
^ ) K.VS h  k c L i .-—=> P i 0 ‘"H WMi.
k a ifcu'^tuVrc?! —-=* p 2 D 2 3  v s
te) K a cJ^f — ~> p ? - ^ 2_ pv
ll) X v s C^A(f\j^ cs~\sX _  "5- 1p 80
i ^  y  y^
3 )  Y r s  
i f )  i v s
'^c' c(j caJ-to( ^  (P " te  2LV w s,
v3 ^  Y firC\ i^ ~e «,/_ '— 1 \P $ O
*3 'fsyl /  fCx c*-b'< {/ -----P ~d~D
r^S
'S'\
^  Io |3 o| a i
f C o » ( 2 )
R o il (J 3 ) 
lic!c-no .._^).A c.












f a i C i o  ^ 7 u u p h  l |O X




2. 2 . 3 o
5 3 s?e
*f if 3 g -
i  ^
i > 6 
S l . ’d e -  n o  / s b
3 1
3 2 ,
* f 3 o
r 2- 3 2 -
1 , 3 3 \
to L| 3 1
/< *f -Q,2-
S l i c l ^  n o
2-<3
<3 1 2 ?
<V 2. 2 !
»*■ 3 2 £ -
«- Lt 28-
»> 4 2 6
nf t  




o <3 *- :
J>" . 2 .7
-=— ... i r  r 2 7
■ ____ul -  — i 3 d
SI i d *  r .o  f * T )
I T 31
»■ 2- S o









S h 'jte  n o / E )
> r ^  \ 2 ?
"f 2 2 ?
K c.7 2 0
0 u 2 .9
* r 2 T
iv g 2 2 -
[ h iv  fcL  — { k / fo b tw M
h o  tyfaM yi'jM -'
(o













M ,\.V .f ;#■(' i '  " "
A ll e , K / .  . f  ~ y -
X i" : c . - ' n j ; . p
•)/•%•./•. ■/.
t
« t/ <M> «X-*. r ■ ( i  * o  ^  ;. 1
M jf i£  ''• ■ t ■ - r,m «. /: r ^ v
<A b iV /1 -;v.' r v h . f ^ L .  p ' < ; .
X £
i l :  - y )
T £? t i  •’*£. 1 ’  -* /•
m 1 6 0  S .'is j r 2 * v O  ^  Yi>
lot ' ^ ‘^h " L K>'
<yt>
<  I'S




A *" m » v a i  Pfct M t r v t H S
DA it
K O D A K  5 0 C 3  TX
K O D A K K O D A K
K O D A K K O D A K  5 0 6 3  TX
K O D A K  5 0 6 3  T X K O D A K  5 0 6 3  T X K O D A K  5 0 6 3  T X K O D A K  5 0 6 3  T X K O D A K  5 0 6 3  T X
O D A K  5 0 6 3  T X K O D A K  5 0 6 .
K O D A K  5 0 6 3  T X
4TVfrHMStKvtM
KOD, O O A K  5 0 6 : K O l .,
A O U A h  D u u
K O D A K
K O D A K  S o . K O D A K  5 o o .
K O D A K  5 0 .
K O D A K  5 0 6 3  T X
”  Or.-*. r>.f • - -
S ‘A,
'3c> ^  .. J.. - " '•''*>
’ 5 . ^  ^  V ' : '




£ ;7Z> 3 V J)/? f'
f yo V, „■? '■I ?1■
•
3 ^* ^ .• , * :+ .







, ^  
























K O D A K  8 0 6 3  T X
S p f ^  v;
* •
;$?£ ■ ’■ •5?; :*V'
g.WfcrafTfc 'Ulift.- • • •_____
1 SsJ^" ■f;*«i .■
! •^f'r * *■
/. .'. ' ,T\V.<-R, s»r.
■££" ....
1 «•1 ?v. . ■p^  —-_ *50 ^
r ' * ■ *
*f' ' *•
-
m P i ;
Bfe»1 A S' *•$


